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Abstract 
A two – level system resonantly coupled to a single mode cavity field and subject to ground state 
occupancy measurement – like interaction is considered. For this situation, the solution to the 
Lindblad master equation for the density matrix is obtained with respect to the Jaynes – 
Cummings eigenstate representation. It is seen that, the rate of decoherence of the superposition 
of the Jaynes – Cummings eigenstates increases monotonically with the increase in the occupancy 
measurement coupling up to a certain critical value (already reported in the literature in a 
different context), whereas the rate decreases with the increase in the measurement coupling 
beyond the same critical value. 
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1. A two – level system in a single mode cavity 
The ‘real time observation’ of the dynamics of a single quantum system and the 
study of the evolution of quantum coherence between its relevant states in the presence of 
external perturbations require its isolation and confinement for a long time [1]. The 
isolation and confinement, followed by the ability to manipulate the quantum states of an 
individual system and to perform repeated measurements on it, are necessary for 
exploring the connection between the quantum and the classical physics [2], for 
understanding the counter – intuitive notion of entanglement [3], and for implementing 
complex algorithms in information science according to quantum logic [4]. In recent 
years, the field of experimental cavity QED has demonstrated ever improving 
capabilities, especially in the strong coupling regime, to accomplish these tasks [5-7].     
The quantum dynamics of a two – level system, with g′  and e′ as the ground 
and excited states, trapped in a single mode cavity, is given by the Jaynes – Cummings 
Hamiltonian [8] 
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Here, σσσ ˆ and ˆ,ˆ †z , belonging to the set of Pauli operators, correspond to inversion, 
raising and lowering of the state of the two – level system, †aˆ and aˆ are the single mode 
creation and annihilation operators acting on field kets, FS ωω  and are the resonant 
frequencies for the two – level system and the cavity field, and g is the effective coupling 
constant for the interaction between them. For the case of resonant coupling ( )FS ωω = , 
the eigenstates of Hamiltonian (1) are the Jaynes – Cummings eigenstates (JCE) 
corresponding to symmetric and antisymmetric combinations of the states ng ,′  
and 1, −′ ne , given by 
[ ]1,,
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1
−′±′=± neng
n
               (2) 
 where, there are n quanta of excitation in the cavity QED system. The present work 
assumes a cavity QED situation in the strong coupling regime. In this regime the coherent 
interaction between the system and the cavity field dominates the usual dissipative 
processes such as the escape of photons through the cavity mirrors and the incoherent 
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decay of the excited state of the two – level system due to its coupling to the free – space 
electromagnetic background [7]. Consequently, the cavity field along with the two – level 
system behaves as a combined quantum system with the JCE given by equation (2) as its 
relevant stationary nondegenerate energy eigenstates with eigenvalues 
gnnE hh ±=± ω ( )FS ωωω ==with              (3)  
Recently reported investigation of the energy level structure of such a quantum system, 
by averaging over ~ 10
3
 atoms [9] and the observation of the vacuum Rabi spectrum 
[corresponding to the normal mode splitting with 1=n in equations (2) and (3)] for one 
trapped atom by implementing a novel scheme for cooling its axial motion [10] confirm 
its experimental accessibility. 
In this analysis, the effect of repeated ground state occupancy measurements, to 
be performed at the trapped two – level system, on the coherence between these JCE is 
investigated by using the Lindblad form of the master equation for the density operator of 
the combined system [11-12]. As proposed by Cook for the case of a single trapped ion to 
demonstrate the quantum Zeno effect [13] and realized later with an ensemble of about 
5000 Be
+
 ions confined in a Penning trap by Itano et al in the presence of classical Rabi 
oscillations [14], such measurements could be performed by using appropriate number of 
optical pulses of appropriately chosen duration leading to the spontaneous recurring 
dipole transitions ge ′→′′ from a higher excited state e ′′ , with the transition ee ′→′′  
forbidden. The corresponding theoretical analysis in the conventional stationary state 
representation (i.e. in the eigenstate representation of the unperturbed Hamiltonian for the 
two – level system) has been reported in the literature [15]. However, as mentioned 
above, in the strong (resonant) coupling regime of cavity QED the naturally existing 
stationary states of the combined system are the JCE expressed by equation (2) or more 
generally the so – called dressed states (in the presence of non – resonant coupling) [16]. 
It can therefore be interesting to study the evolution of coherence between the states that 
represent the entanglement between the two – level system and the cavity field, in the 
presence of repeated measurements performed on the trapped two – level system. This is 
done in the next section for the case of repeated occupancy measurements. In section 3, a 
review of and discussion on the result obtained in the next section are presented.  
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2. The master equation and its solution 
For the situation considered in this letter, the Lindblad form of the master 
equation is written as: 
[ ] [ ][ ]ρκρρ ˆ,ˆ,ˆ
2
ˆ,ˆ
ˆ
AAH
i
dt
d
−−=
h
                       (4)                                                                
Here, Hˆ is given by equation (1), κ  is the measurement coupling taken to be proportional 
to the rate of spontaneous transition ge ′→′′ with Aˆ as the Lindblad operator related 
with the occupancy measurements on ng ,′ . By defining ngngA ,,ˆ ′=′  and 
01,ˆ =−′ neA  and by using equation (2), it can be easily checked that its matrix elements 
in the Jaynes – Cummings eigenbasis are 
2
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Using these matrix elements in equation (4), we get the following system of differential 
equations: 
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Here, ngR 2= is the n – photon Rabi frequency. The solutions to this system subject to 
the initial condition 
( ) ( ) ( ) ( ) [ ] 1ˆTr on,preservati  traceoft requiremen  the toand 
2
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are given by 
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and 
 ( ) ( )∗−++− = tt ρρ                                                                                                               (7c) 
In the absence of the occupancy measurements, i.e. for 0=κ , we get 
( ) ( ) ( )∗+−−+ =−= tiRtt ρρ exp
2
1
                       (8a) 
This oscillatory behavior of coherence between the JCE corresponds to time – varying 
entanglement between the two – level system and the cavity field. On the other hand, in 
the limit ∞→κ one finds that 
( )
2
1→−+ tρ                (8b)  
Clearly, in both these limits the expressions for coherence between the JCE as given by 
equations (8a) and (8b) are as expected. However, it is seen from equation (7b) that 
for ( )R4,0∈κ , an increase inκ leads to an increase in the rate of decoherence of the 
superposition of JCE. Whereas, an increase inκ in the domain ( )∞,4R leads to a decrease 
in decoherence rate. These two different ways in which the evolution of the coherence of 
JCE takes place in the presence of the occupancy measurement – like interaction are seen 
to be separated by a critical value of the occupancy measurement coupling, namely 
Rκcrit 4= [15]. Below we show different plots of the evolution of coherence between the 
JCE for different values of the occupancy measurement coupling (below and above its 
critical value) expressed in terms of the Rabi frequency, with R = 100 MHz, over a 
timescale of 0.1 µs: 
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3. Discussion 
A measurement – like interaction, depending on its nature, involves a certain 
choice of basis in which it has a diagonal representation and causes the local destruction 
of phase relations between the quantum states belonging to that basis [17-18]. The rate of 
decoherence of superposition of the quantum states belonging to the chosen basis always 
increase monotonically with the increase in the measurement coupling or the frequency 
of measurements. Clearly, the occupancy measurement – like interaction has a diagonal 
representation in the eigenstates of the unperturbed part of the Hamiltonian given by 
equation (1). Also, the rate of decoherence of superposition of these eigenstates does 
follow a monotonic increase with the increase in the occupancy measurement coupling 
[15]. However, in this investigation it is shown that, in the presence of Rabi oscillations, 
the same interaction leads to decoherence of superposition of quantum states (JCE) 
belonging to that basis in which it does not have a diagonal representation [see equation 
(5)]. It is also noticed that the rate of decoherence does not follow a monotonic increase 
for all values of the measurement couplingκ within the range ( )∞,0 , but rather increases 
monotonically up to a critical measurement coupling ( Rκcrit 4= ) and starts decreasing 
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beyond that. Thus, equation (7b) represents the main result of the analysis, which 
describes a clearly counterintuitive evolution of coherence between the JCE under the 
influence of repeated occupancy measurements. It predicts that, such measurements 
would destroy the coherence between the JCE over a time scale ( )  4~
κ
dec
T <  for critκκ <  
and over a time scale ( )
( ) κκ −−
>
22 4
4
~
R
T
dec
 for critκκ > . Such an analysis could also 
be relevant in the context of quantum feedback control [19]. 
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